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L. Abstract

The lCtiVlthS of this section previous to the start-up of the nile were,

in »1e main, preparations for that event &nd do not rewire snecial mention,

xc 3tion to this statenent may be made in regard to r. Jonss' grous who,
dultlcn to testing all the grashite which weat into the pile, ran an

exn-entlal pile with the Z-lattice and built and calibrated a standurdizing

vil~ for determ1n¢‘g neutron fluxes and slowing down densities by nezns of

in;;xm foils. A senarute rerort w«ill apnear on the latter dcve\opﬁeut,

Te
2

The 3ilc a3 bullt as ¢ jfu:hlﬁ? honer comb without an uranium until «ll
necanical and electrical foutures hed been installed and tested. The metal
wys Looded by mcans of chgrg¢n" hioles through one side of the shield, The
int oduction of the metsl into the pile re-uired only about twelve hours,
The rise of the neutron density ot the center ol thie structure was observed
coninuously with a boron irifiucride counter sund in additlion the louding
ororss was interrupted from time Lo time in order to activate an indium
foi. . These intervals were so spacel that the shape of the plle was up-
proximately eylindrical at each interruption of the loadingz., Both the counts
of iie boron. triflucride counter and the activities of the indium foils were
ploised and an atbempt was made to extrapclate these plots to predict the
critical loading. Two forms of the extravolation were used, both of which
orelicted that the critical loading .as about 3560 filled channels. Louding
was actually stooped at 3569 loalded chamnels and it aopeared that the uctual
ericical loading was 362,

Aft:or the chain reactin; condition hsd been reached the reactivity of the
pil~ was about 28 inhours. al ir. Ferzils surcestion twent) rore chunnels
wer: loaded for the -ourscse of determining the relation between the per101
and :. The constant connecting the change in & with &ﬂhcu”n was 3 x 107

- v

One of the vower experijfits also pave a to perature coef cient for ine
cre,slﬁg the temperatoril the metal alone, his was .S inhours per depree
ecen igerade for the tendPature of the narticular slug measurcd., Estirating
“the rorresvending temperature of the central slur one arrives at & coefficient
of .0 inhours per degree. A sccond Lezperature coefficient exoeriment was
made by heatiny the whole pile unlfor”1" by means of radiators at the sir in-
tai: of hc alr cooling system. Thig.zavel “a coefficient of .73 inhours per
des e, The fact that the metal tempCthu"e anparently aceounts for most of
tiel effmct is rather Shrprlblng. Other inexact data taken during cctual
ope.ration of the pile indicate a larger elfect due to grephite ani a cor-
resrondingly smaller effect due to metgl., Further work will be done on thls
poish when more thermocouples are installed in the pile ani better tempera-

tur: data can bve taxen.

. 0'\ .
A tost of the « sulgld wes made. Yo detec‘”b ¢ neutron intensity wus 1ound .
‘at e oubside of thie full ahleli. The smeil | bupfdrw¢" intensity was well

bel:s tolerance at o levels




after the preliminary experiments were comp.eted the pile was put into full
bower oparation with the maxirmm: metal temperature of about 1000 C. This is
a3 great a temPerattre ag seens. safe at the moment., The pouer outnput under
these conditicns varies between 306 and 500 kw depending on the outside air’

temoerature, Tie change in average air temnerature is very small because of

the large nusber of {illed channels which allow two-thirds of the air to
pass throush without bein- heated anoreciably,

Koo, U Poan

Henry i, Xewson

‘ i iner too an
on of its contents in any manl t
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II. tonitorins and Loading of the Pile

The various measurements described here were made by the Physics Section and
the pile operating group as a joint enterprise. INost of the section took part
in the measurements deseribed and little attempt has been made to acknowledge
the contribution of the various individuals. lMessrs., Fermi, :.eil, and Feld
were also present during most of the wori and gave us the benefit of their
previous exnerience on the Argonne pile, Hany of the experiments were sur-
gested and directed by these men.

The pile was completed and all of the subsidiary apparatus installed Pefore ,
any metal .as loaded. The loading was carried out by pushing (uﬁéiﬁ sluge (°
agbout four inches long and 1.1 inches in diameter into the channels in the
pile, The channels were diamond shaped holes 1-3/ L inches on 2 side and were

spaced 8 inches on centers in a square array. Figure #1 shows gymmetrically
the arrangement. of the channels, 4 channel, which is at present filled, is
shown by a nimber, and a channel now empty is shown by & dot. The colurms
are numbered from one to thirty-five from the left-hand corner, and the rows
are numbered from-Fifty-one to eighty-six ;ro,m the upper ieft-hand coraer.
a channe‘i is specif:.ed by the mumber the raw Followed by the number of
the eei:umn Thus, the channsls markediars 1357 and 2367, The centers of
the channels are six inches from the outer surface of the graphite on all ﬁde.,.
The actuzl metal lying in the bottom of the channel is slightly nearer to 'the :
bot.tom of the surface and farther from the .top ~surface, In the channels
ried by numbers in figure #1 211 metal loaded st the sémle time is dndicated
. b%- th same number, except for three e/.ceo’gz.ons. 4 roughly circular sectioh
in the center of the loading is marked:fl. This was the first batch of metal
loaded. The chamnels mam&ed Tn were loaded with thirty pieces of thorium car-
bonate approximately, identical in size with the metal slug, and the channel
mhr.{ed‘ D, was loaded With. the short length of uraniwz pipe, which st toc serve
a f4st neutron bomnardment chamber, ' /
Dur:mg 10&:11:1:)" the . grov-th 5f the neutron activity in the pile was mom.tcred
continually with the BFy counter. The loading was also interrupted. froo tz.: 1e

A to time and an Indium foil activated. The data so obtained was extrapolated
under siitable plot to predj.c the loadln? which would stert the chain reac-
tion., The formula used, R%/Intensity  Const. £ (1 =~ Rzlﬂze) where R is the
effective radius of a cy}.lrzcter. R was caleulated by maliiplying the ares of
the cell (that is 64 square inches) by the number of channels loadedy ‘gog

" ealeulating Lhe radius of a eircle of esual arec.. ‘o this was added ebéit
42-1/2 cm for the reflector composed of the ' dead : graphite outside the
loaded channels, .. 3
In Table I the ef fect m the various loadings of the pile is shown,  Indium
foils were meaauregi in'two positions and one BF3 counter was also uséd. ~Ho-
ever, activity of the Indium foll nearest the center is used in the table.
Equally sata.sfactorv results were obtained with the othor Indium foil and e
BI‘B co%ter. After each set of slugs was loaded the loading was o‘ooape(i i‘or
a 1on» encurﬁa tme to activete an Indium i\:u.l to & convement intensity.  The
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Tablizs I
Order —
Nurber of Filled (In) il 'lf_ 2%/i 2 «Jy x10~8 §
Filling Channels 7 b'd 10'1* fg 1- 8z em™? Der. ih
¥
1 177 62C 3.75 60.5 13 17347
- v
2 235 1180 LT2 40.0 132 1181
3 257 2918 574 19.7 130 12003
2 3297 63hL  6.26 9.2 133 11168
5 343 10558 6.7 6.0 136 10884
6 351" 10663
(360) (Critical position as extrapoluted from 1OASC -
above.,)
(361.7) (Critical position as extravolated from 10&1,7
bel()vn)
7 369 103C6 . 90l 26.5
447 Small ebsorber in pile # 126 . 23
z 373 &" 10230 62 39
9 377 * - 101567 35.5 56
16 s 10083 2 I
1 385 . ., 10012‘_ 14.7 26
12 339 99t 1.6 100.8
"Gf’xe shim rod inserted
339. .29
13 399% i Ik 111 25.6
14 123 18.7 - 81
absorber romoved | 8h.5
15 LL,Q ¥ ox*sulﬂ. ionization charber in pile L,C-.fb" 51.0
Thrand Bi alse inserted _
16 L58 - T 21.9 Th.h
Sn*,aleﬁ'i'-iomizatiori chamber removed 77.3
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first column in Table I shows the number which is used to designate the loaded
channel in Pigure 1. The second ecolumn gives the total number of chunnels -
loaded up to this point. Numbers marked with an asterisi indicate that the
last set loaded was not a full channel of 65 slugs, but & short channel of

only 30 slugs which were loaded in the center of the oile so as to form &
"pedestal? underneath the large hole where the i, shield was measured. The
third column shows the saturated intensity of an Indium foil very ncar the
center of the pile. - The fourth column glves the square of the effective . ¥
Padius: and ‘the sixth column gives the expression which should be & consbans
by the above oguation. : : S s ey L

It will be seen thot this condition was met very satisfactorily/ The criiical
loading predicted by this-sxtrenolation was 36C filled channels. After the
pile was loaded beyond the critical position twenty channels were loaded, four
at & time, and the period of the pile measured after each loading, These were
shown as 8, 9, 10, 11, and 12 in Figure 1. From the value of the change of ine
hours with the number of channels loaded it #as possible to extrapolate back to
the critical loading from this direction. This gave a result of 361.7 in geod
agreement with the value predicted by the Indium foils. From the change in the
Lapalacian with the increase in period, one may caleulate the relation between-
the value of thejreactivity of the pile in inhours and k. If onc sosumes a mi-

gration area of 630:3q. cm 5% = 3.0 x 105 S(ih). This Figurc is stbjest to correction

if a more aceurate value of the migration area may be obtuined, There is ulso
& question whethéer the reflector allowance of 42.5 em is correct for when the -
graphite 1s filled with holes, as in this case. An attempt will be made to de-
termine this figure more accurately., - P _

ce e P .
The critical value of the Laplzeian from Table I is about 105 x*lc‘é; This is
to be-compared with the value 95 x 106 resulting from the measurepents of the
exponentizl nrile, using the 4-lattice, B B
. .r - it : SR REREY
APter set ;12 of rois hud been losded a shim rod was introduced into the pile
very close to the eritical nesition ani the pedestul was started, This con~ -
sisted of 40 shdry wranium rods and reduccd the reflector-for the .. shield ex~
perinment to 52 emd The shield experiment .as completod Before any further
loading. after the ccapletion of this experiment the pedestal was built uy
to the top of the pile to give as wreat an intensity as possible for other. i -
experiments oluanned in this position: abt the same time ho tuo rows werg:--i
filled with thorium and four full channcls not shown on Figure 1 were filled i
with blsmuth slugs of the same.size as the uranium slugs. Thess holes are ¥ ™
grouped in a'square array about hole #13268. The effect of the bismuth had been
previously méasured and was xnown to be 3 inhours. The sane measurements - -
shiowed the effect of the thorium o be 50 inhours. The net loss of insertins
all thesematerials was 80 inhours, which indicates that the gain due to theﬁi
- 4&st top 20'%kannels in the pedestal was 23 innours. To bring the reactivity,
up to the preVvious level nine more full stringers were divideil. The total 5
reactivity-effithe pile is thenil78 inhours, whichyadded to the 53 inhours lost
by the thorium and the bisnmuth,szives a totul reactivity of 231 inhours,
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after the pile had operatod about a wee.: some material from the hotilest section
was removed. <hen this wus renluced, noile #156) was ieft vacant and the control
cods planed in the critical position. loie #156L was then filled and the period
measured-with the same setiing, This resulted in an increase of 23.6 inhours.
4z nearly as con be ascertaincd, tils channel is the most active in the wvile,
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II. Measurement of wW=-Shield

L, B. Borst

lcasurements were made on Noverber 8th znd 9th on & six foot souare sample of
the iron-masonite shield to be used at .., This consists of & thermal shield
10" thick and six biological layers of 4-1/L" masonite and 3-3/1;! iron. A

reflecter thickness of 56 em was used. This thickness gives a more scvere

test than will be imposed at «w. The sample was placed in the larce hole in
the upper shicld. As it was erected, sold folls were placed in order to ob-
tain us complete a picture of the neutron distribution as possible. '

The f*rst measurements were made using the thermal and three ldyers of bioloizi-
cal shield. This permitted final performance tests on the instruments before
great sensitivity and high pile intensities vere resuired. The methods used
for measurement were:

1. BF3 counter shielded on back and sides with two feet of paraffin,

2+ Indium OllS shlelded on back and sides with two feet of paraffin.

3; A d*fferenblal (L&St) neutron chamber shielded with tdoifeet of saraffin.
Le A ¥-rey counter shielded by 7" of Pb and two feet of‘paraffln.

5. An ion chamher measuring the sum of neutrons and gammas shielded with 5"
- of Pb.and two feet of paraffin,

é, Goliffoils buried within the samole.

A summary : ‘of results is given based upon the assumptlon that, because of ”if—
ferences in pile size, ete., 150,000 kw at X is GQUqulCnt to 250,000 ka nt
The valups are stated for « conditions.

-‘bv

L

—

“

Hethod, : Thermal + 3 bioclogical lavers: Therwali-é biolozi cal layers
1 : 2.3x104 n/cm4/sec :. 10 n/em</sec
2 : 1.910% n/em /sec - 100 n/cmz/sec
3 : 10* fast n/em?/sec 3/ 3¢ fast nfem?/sec-- .o
A : _ 4 5%607 3 rr/hr : 15 m‘l‘ hr
5 : : 16+ my/hr : 6oy
Tolerance is usually considered to be 200 n/cm?/sec and 12 méY/nr. z

The d1$ﬁr1but¢on functions shown by the gold foils is of considerable interest?
Foils were m@asuzably active only through the thermal and first three layers’

of biological shield. In this interval the thermul neutron density fell by a
factor of 3 x 108, indicating that this amount of shield should be sufficient,

i
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Foils at the iron-masonite interfaces show pure exponential behavior with a range
of L.,8 em., Measurements within the thermal shield show nerative deviation {rom
this curve. -

The transverse distributions are plotted and show understendsble behavior. The
presence of an annreciable concentration of neutrons in the eoacrete surrounding
the sample is observed at the beginning of the third %iologicil layer. The
leakare is still from the sample into the coneretd at the beginning of the fourth
biolorical layer (as determined by 3F3 counter measurements),

No neutron effe:ts were observed which could be distinguished from instrument
backgrounds., Reasonubly observable effects was assumed and the unper linits
caleculated from ther, Considering the manner in which the thermal neutrons are
dropping off, as measured by gold foils, it seems probable that leakare from the
concrete shield and throush the back shielding would determine the radiation
level st the upper surfuace of the comnlete shidld sample. The gamma radiaztion
throurh the full shield was measurable, again this radiation ray renresent
leakare into the instruments rather than radistions penetratin: the full shield,
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IV, Tempersture Keasurements
(¢. Kanne, M. #ilkening, R. hoCord)

Twenty ircn-constantan thermocouples were placed in the pile at starte-up,
Twelve of these measure graphite temperatures and eight measure metal teme
peratures. One of those in graphite has not been read due to physical in-
convenience and one of those in the metal failed by shorteircuiting. The
couples inr the graphite were cast into 1/2" x 1/2" bismuth cylinders in an
undercut hole in the graghite. Removable foil slot stringers were chosen
for the location of these couples. The couples measuring metal temperatures
are attached in twio ways. Four of the couples are very nearly in ihe center
of slugs.. A tepered aluminum well extends axially two inches into the slug,
The couple itself is pierced into a small tapered aluminum plug which is
driven into the taper of the well, The other four couples are sof¥ soldered
to the outside of the aluminum Jaciet. The thermocouple wires aré notched
so that diametbr of the conductor is about one half of its original value so -
that the wires break when the metal is discharged and can be recovered.

A brief description of the location of the various couples will be given in
order that the temperature data can be interpreted. Due tc removable core
of the pile wheP& cross scction is a souare, two feet on an edge, und which
runs the length of pile axiszlly, no stringer can extend through the central
axis of the pile. _

The foil slot stringers are numbered 50 to 61 and are spaced on & nine point
scuare array with a six foot spacing, when looking at one of the sides cof

the pile. :The numbers from the north side range from 50 to 58 and increase
.in the direction of air flow and also from top to bottom, Then 53, 54, and
55 do not continue through the pile because of the removable core; 59 is

the extension of 53 on the south side, 60 of 54, and €1 of 55. Thermocouples
are located in the center of stringers 50, 51, 52, %6, 57 and 58, and 1-1/2
feet from the center of the pile in 53, 54, and 55. In stringer 54 therc are
two additional couples to give radial distribution data at distances of 5
feet (in block 4) and 8-1/2 feet from the center of the pile (in block 3}.

Metal temperatures were measured at various points in order to get as much

information about axial and radtal distributions, temperature differences.

between metal and graphite in the same region and the difference in the in-
dication given by the wellel and soldered types of thermocouple atlachment.
The present locations may be identified as follows: v »

1860-31-5 (later changed to 1865-29-S)
1868-32-3
1868=31~4
1869-46-i
1869=19=
1869~20-3
2169=31-H
2169-32-5,
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Since the vertical columns of the matrix formed by the charging holes are
nusbersd 1 to 37 and the horizontal rows arve numbered 51 to 87, each hole can
be identified by giving its column nudber and row number. Thus 1860 is the
hole at the intersection of column 18 and row 60, The numbers 21, ste., give.
the number of the slug from the discharge face, i.e. slug 1860-31-3 is the
Zlst sluz charged into hole 1860, and 3 sigaifies that the couple is soldered .
to the siug rather than inserted into a well (i),

Couple 1860-31-S is near the grephite temperaturs couple in stringer 51 and
couples 21465-21-i and 2165-32-5 are near the graphite couple in stringer 54
that is 1-1/2 feet from the center of the pile. '

The recults indicate that the soldered couples read wbout 5° G lower than those
in sells. The solder melts at 188% C so thal this type of couple is fiFeful for
measuring temperaturss below sbout 150° C. and very easy to prepare, The welled.
type of couple will continue to be used in locations where temperatures above
150° ¢ are anticipated, , .

In addition to the couples located at fixed points .n the pile a nurber of tra-
verses in foil slot and experimental holes have been taken. Figures 7, © and 9
show graphite temperatures taken at times that copper foil activations were made
for the purpose of relating temperature and neutron intensity distributions.
Figures 10, 11, and 12 show graphite temperstures taken for the purpose of de~
termining the thermal conductivity of the pile in various directions. Figures

13 and 1k show radial and lengitudinsl metal temperature distributions. These
data are preliminery and are presented at the present time without interpretation.
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Y. Oszlibrations of (ontrol Rods

The various regulating, shim, and od¢utv rods were tested on Hovember Lth in
order to obtain rough value for the effect on k possessed by each roi. The test
congisted in insertings each rod separatelr into the pile and observing the rate
of the BF, counter in the position that it had occupied during the previous
nightts périod of metal charginz. The relationship betiieen the counting rate

and the number of channels filled had been observed at that time. Tims it is
pcss;b1@ o say that a rod reduced the reactivity of the pile to a condition
eauivalent to a loadlng »f a certain number of channels., It was observed later
that each channel loaded beyond the critical condition increased the reactivity
by L inhours. This value was failrly constant and it was assumed that each chamnel
below the oritical condition also accounted for 4 inhours of reactivity. 1In the
second column is given the number of loaded channels giving the same counting

rate as uas obtained with the nile with 365 @hannels loaded and the various

rods introduced., The third column zives the Inhours which each rod is canable
of: cuunteractlnu, and the fourth column gives the effect on k in 3ercent agsuming
“that 1 inhour is ecuivalent to a change in k of 2.95 x 10~2.

: I : 1T : ir1 Iv :
! Rod Equivalent Inhours %X :
;1 Humber Channels s
H Loaded :
: 1 326 156 A6 s
: 2 359 2“9 07 H
: 3 311 216 A :
: L 310 220 65 :
: 5 3‘&2 9’2 027 H
: & 343 ee L W26 :
: 7 350 60 .18 :
: 8 333 1ce 32 ?
: 9 3"3 68% «20 H

Rods i1 ani ;2 are regulating rods. Rods. .3, iy 5, and 76 are shim rods.
all six of these rods are identical in phisical praoerties and their different
effects are iue to their idistuances from the center loading of the pile. The
actusl locations of the rods can be seen on figure 5, Rods ;7, 48, and 9 are
safety rods which drop in from the top of the pile.

Control rod #1 was generally used during the start-up., It was calibrated
roughly by measuring periods due to three displacements ol the rod. It is
hoped in a sihort time to calibrate this rod and also control rod #2 much
more extensively. The shim rods will also be calibrated.

During start-un it was impossible to keep the pile under exactl’ the same

Cé
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conditions for a sulficient lenzth of time to measure barometric coefficient.
A few observuitions were obtained indicating a coefficient shout o4y or about
.5 ih/mm. However, because of the sparse data, it seems best to use tenta-
tively the argonne figure of .32 in/mnm,
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VI. Temperature Coefficient and Power Calibration

At ¥, Ferri's surgestion and under his direction an experiment was perfomed
on the power output and temperaturc coefficient by raisin- the temperature of
one ol the slugs about 7° by ruming the pile. This experiment was performed
with the coolin: fans shut off. The following is cuoted in Fermi's words.

"The enerpy output of the pile was calibrated by determining the temperature\\\\
rise of one of the metal slugs zbove the temperuture of the surrouniing graphite
durin: an operation of the pile for which the intensity was followed by observa-
tiort of the realings of galvacometer #1 anl of the Micromax recorder.

"The exneriments started at 6:20 P.l. and the intensity of the nile was allowed

to rise for & veriod of ubout 58.5 seconds until the galvanometer realin; reached

a peax of 26,000 cm deflection. The intensit; was lowered to such & level th.t

the temoersture difference bet.een the slug and the graphilte was kept aparoxinately
constant for about twenty minutes. at OiLh P.l. the intensity was rapidly droppei
to zero and the temperature was followed for about ten more minutes.

"The temperature was recoriel by & thermocounle inserted with one junction in the
sluz and one junction in the grachite near the slus. kr. fame calibreted the
thetocouple and obtained the temperature reaiings ziven in the seconi celurn of
Table I at the time iniicated in the first column,

#Phis relaxation time can be determinei from the tesperature readings tuiten from
6shl P.. o 6251 P, The decrement of the temperature in this interval: in
which the power output of the pile was negligible fits an exponential decuy con-
stant of 4.7¢ minutes, :

¥If the slug were thorourhl insulated the amount of heat received by the slug
wouli be czleulated by multinlying its thermal casacity by the temperature rise,
since the thermal canacity of the graphite is so large thit its temperature re-
nains virtuslly constant during the experiment, Since, however, the slug loses
heat by coniuction to the graphite, the actual amount of heat develoned inside
it by the process iz larger. Indeed, the rate rise of temperature is given by
the eruation: ’

al _

4 . . 1

q =

ol
_ﬂlhd

", herc ¢ is the thermal capacity of the slug, g is the amount of heat produced
into it by per unit time, and T is the exvonential relaxation time (v equals
L.73 minutes). From (1) follows: , '

T

L j odteT +1Smt - (2)
c .
"The values éf the left hand side of this equalion are given in column three of
Table I. The figsures in this column rive the temperature rise that would have
been observed in the slug if there had been no leacage of heat from it into the
graphite. Such temperature rises multiplied by the thermal capacity of the slug

-
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Table I of E, Fermi Renort

i’

T

0

1.72
L.60
6.68
G 10
5484
Sl
5.88
6.51

- 649

6el6
6434
6.20
6.06
5.88
5.72
5.62
5450
539
5028
5420
5.12

5010 ’

L.28
345
274
2.24
1.8;
1.48
1.20

.96

<80

.68

Tdt
1 {18

"0
008
29

77

2007'

254

8.21

8‘61

9.33

100114
11.7%
13.67
15.01
16.33
. 17.55
18.72
19,87
20093
21.99
23,07
24.12
25.1,
26.15
27.17
28,20

29 .226 ?/Lff,,\.mt; e

29.38
29,
29.30
29.32
29.35
29.33
29.34
29,32
29.35
29.38
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give, at any time, the amount of heat produced into it since the beginninc of tbe
experiment, It follows from the table that the tanperature of the slug would hav
increased 29.4°C during the experiment., If energy were produced uniforrly throug h~
out the pile the total amount of energy could be obtained by multiolying this
temmersture rise by the the:mal capaeit;r of all the metal in the pile. Since,
however, more enerygr is oroduced in the center portion of the pile than on the
outside u greater weight must be attributed to the metal placed near the center
than to the metul placed at the neriphery. Due to the somewhat irrepular dis-
tritution of the metzl in the pile the estimate of effective weight of metal
oresent invelves some uncertainty. XNr. Feld performed an approximatc calculation
with the result that the activity of the metal at the center of the pile is 2,50
times the activity of the metsl st the fadge: of the pile. The sglug on which the
temperature measurement uas performed was someshat off the center of the nile and
it .as estimated that its activity was J78L times the activity of a slug placed
at: e -center,

"It follows that the metal on which the measurement was performed was 725 x
2.50 = 1.96 times more active than the average metazl., The total amount of metal
present in the pile was 3.04 x 107 fm. The total amcunt of energy produced in
this metal is ecuivelent to that produced in 3.0L x 107/1.96 =1.55 x 107 grams
of metsal in which the enerzy was produced at the same rate as-in the lump on
which the measurements were tazen.

“Therefore, the totul amount of energy produced in the mbial during the experi-
ment was 028 x 1.55 x 107 x 29,4 eal. (.025 is the specific heat of the metal).
Two corrections must be applied to this result, One, to tace into account the
thermal capacity of the aluminum jacket which is ten percent of the capuacity of
the slug. The seconi correction must be asyplied to taxe into account the fuct
that a small fraction of the encrzy is produced in the granhite and not in the
metal, Of the epnergy produced in the metal a small fraction representing the
‘radisactive energy with a period of more than about half an hour is cpitled after
the completion of an experiment, In the calculation it was assumed that cnly

ninety percent of the energy was recorded iurln& the thermal experimert. In-
cluding these corrections the total amount of energy produced turns out to be
1.56 x 107 cal, ecuivalent to 12,1 xw

"From an integrution of the readings on the galvanometer and on the licromax
during the radiation, it was found thuat the integrated reading of the ga*maqoneter
amounted to 1970 cm of deflection times hours, whereas the corresponding integral
for the Yicromax was 0277 deflection times hours. The deflection is rCad to ke
esuzl one at full scale of the imstrument, From these data one obtains the fol-
lowing calibration of the tuwo instruments.

"For Lne palvanometer - -1 om def lectlons%éﬁs = 0092 &w,
and for the “icromaex - full scele deflection 13,1 450 uw,

"It should be xept in nlﬂu, of course, that these Cal¢brdt10ﬂa are dependent
on the nosition of the ionization chambers connected to the two lnatrunents.



Since the experiment was performed the lonization charber connected to the gale
vanometer has been moved frdm the position at which it was during the experi-
ment, and consequently-the eorresponding calibration constant must be, changed.

*The critical posxt¢on of the control rod was measured before the experiment and
found to be 93.06" at a pressure of 740.0 em of lif. During the experiment it
was measured again at a time when the tenperature was apnroximately constant.
In the second measurement the eritical position was found at 95.95% while the
pressure was TLU.1. This indicates that the pile is themally stable with res-
pect to a sudden rise of the temperature of the metal due to a reverse of the
radiation. The activity of tlie pile decreases in this case by about .8 inhours
‘per degree of tempsrature rise of the slug on which the measurament was performei;:éf*

The neutron flux at the center of the pile has been measured with Indiur foils,
Y¥r, Feld has ealculated that the power of the whole pile, as determinei from
Fermit's experiment, bears the following reldtlon to the neutron flux at the center,
The central flux is 6.5 x 109 n/”':/sec,/ is is in perfect agreement with the
power calculated by means of the various*donstants of the pile.

A second tenperature coefficient was measured by heat 1né the pile with warm air,
The sir was carried through the structure by the ordinary cooling fans and the
heat was supplied by steam radiators located in the air intaike., The temperature
rise of 149C was obtained overnight. The displacement of the control reod was
measured, Before the heating process was started the control rod was displaced’
from its critical position by an amount estimated to be the same as the displace- -
ment which would resuit from heating., From the pericd obtained the sensitivity
of the control rod in this region was calculated. after the pile was heated
the critical position was redetermined. The result of the experiment gave a
temperature coefficient of .72 inhours per degree, This should be corrected

for the change of the nitrosen density in the granhite due to the change of
temperature. This should be 750/295 times the barometric coefficient. .e have
not yet determined the barometric coefficient on this pile with sufficient ac-

. curacy ani will consequently use the argomne value of ,32 inhours per millimeter
of mercury. This rives the temperature coefficient for the whole plle in vacuun
of 1.4 inhours per degree, This figure may be revised following the determine-
tion of the barometric coefficient of this pile. The temperature coefficient
for the heating of the meitsl alone may be approximated very roughly by the fol-
- lowing consideratzons.

The coefficlent for the partiecular slus studied was .8 inhours per degree. This
should be changed to .6 inhours per degree for the temperature of the central lump.
If we allow a factor of 2 to convert to the condition where all lumps are heated
equallj, this gives a temperuture coefficient of 1,2 inhours per degree, This
zives a qualitative result that the temperature coefficient of the graphite alone
is not important., Oince the coefficient of the metal is roughly equal to the co-
efficient of the .hole pile. Ard, in fact, at atmospheric pressure z change in
granhite temperature might actually give a positive temperature coefficient.

This cualitative inlormation is borne out cualitatively if we try to understand
the changes in reactivity of the pile as it heats under its own power. These

are not controlled experiments, but simply the result of observing temperature:



e

ani control rod vositicas during the stari~up of the pile. If we ignore the
temperature changes in the graphite and observe the change of eritical position
with the temperature of the # 3 thenmocoupls s we obtain a tewperuture coefficient
of .8 inhours per degree in sgreement .ith Fermits experiment, On the other
hand, when the temperature of the metal is held constant while the temperature
of the gravhite is rising there is little change in the total recctivity of
the pileo :

shen the pile is run at high powers, that is 15CC to 2000 kw, the metsl ten-
perature changes very rapidly. attempbing to caleulate the Lerperature coef-
ficient from these observations has, in two cases, led to a coefficient of
~ »L inhours per degree as measured by the temperature of the same slug, This
discrepancy is probably due to insufficient temperature data throughout the
whole pile. Additional thermocouples are beinz installed to throw lizht on
this point. Data on the distribution of neutron flux in the pile will also
be helpful. _
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Vil. Neubron Flux Measurements,

Preliminary data is now available on the distribution of neutron flux in the
pile. Pisure L shows the shape of these curves., This was wasg taxen with the
pile operating steadily at about 450 kw. It was hoped to throuzh lizht on
the temperature coefficient by studying the change of this distribution of
temperature. However, sefficiently accurate datz have not been obtained.

The drawing shows the distributions in the various slot holes in which foil
measurements may be made. The curve marked "core" was measured in a slot
which ran parellel to the direction of the uranium rods about one inch under
the metal in hole 1868. The other slots run into the »ile at right angles
to the direction of the channels. loles 59, 60, and 61 are at the same
height as the core slot. Hole 59 is six feet closer to the charging face

of the nile¢ than hole 60, and hole 61 is six feet toward the discharge face.
Holes 5C, 5L, and 52 are six feet above; and holes 56, 57, and 58 are six
feet below 59, 60, and 61.

The arrangement may be seen on Figure 5. HNo attompt has been made to £it
these measurements with theoretical calculations for the distribution in
the unsymmotrically loaded pile,
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Vill., Stack Gas Activity
(V. K. Kanne, i, Wilkening)

The pille stack gas activity has been detected by both an ion chamber and a
Geiger counter. The sampled gas flows through the ion chamber and around the
Geiger counter contained in @ small housing., The {low through this systen is
obtained by short cirecuiting the fana.

The charmber used in the 115 annex vere calibreted at Chicago by irradiating a
sample of pure argon with cyclotron slow neutrons. This gus was adwitted to
the chamber and its decar was followed with a calibrated Beckman microammeter.
The dirsct result of this calibration is that the nvt to which normal air is
subject is 1.3 x 10 20 times the ionizstion current in amperes collected by the
chamber., This result does not involve the use of a cross section, but it as-
sumes that argon is the oglv Substance activatei. If the argon cross section
is assumed to be 1 x 10~2 ocne can ariive at the result that 10-12 curles
of activated arzon per cc give 1.228 x 107 ampere.

A number of decay curves have been run on pile air samples and half lives of
110 to 115 minutes have been obtained, without any indication of appreciable
short or long lived activity. The half life obtained indicates argon #41.

There is, houever, a dxecrepancv betueen the actlvitj indicated by the ien
caamber with pile air flo.ing through it and that to be expected oh the basis
of the above calibration and power calibration of the pile. ihen operating at
500 kw with an air flow of about 50,00C efm 7 x 10~+0 amp is cbserved while
reasonable assumptions about the nvt would indieate that about 2 x 10'10 amp
should be cbserved.

- The Cdllbrdthn indicates that under the &bove operaclnp conditions there are
5.5 x 10-11 curies per ce in the gas. Parker has given L x 10~12 curies per
ce as the & hour tolerance concentration for an infinite hemisphere of this £2S.
The gas is then considersbly above this tolerance., However, the conditicns
implied in this tolerance are fortunately not ordinarily satisfied., If these
calibrations are correct it weuld nevertheless be possible to anproach radiation
tolerances. an amount of gas to give an effectively infinite hemisohers is dis~
charged from the stack in one to two half lives of the argon. If an unusuzlly

long ®perfect® inversion shoiuld occur it is concievable that radiation tolerances

might be approached. The temperature of the gas discharged from the stack is
above that of the outside air, at worst mixing is still considerable, and iaver-
sions are apvarently usually of short duration in comparison to the tim§ required
to discharge a volume of gas equivalent to an effectively infinite hemisphere,
The stack gas should not ba considered a hazard at the present time. It may
be of interest that Parzer has obssrved "detectable" quantities of radiation

due to the staek gas.




It has been noticed that the staecx activity increases markedly if the fans are
stopped shortly after the pile is stooped. This is probably due to the delayed
neutron intensity vhich causes the irradiation of air which eireulates through -
the pile due to the natural stack drait. The air is thus exposed for a very
long time to the weak inlensity., The fans were recently stopped five minutes
after the pile was stooped, when the galvanometer still indicated 0.5 kw, The
chamber gradually bullt up activity which would have roached a maximum of about
2 =x 10"3-1 curies per ce. The chamber was closed and a decay of 115 minute
half life was observed, indicating that the activity is due to argon., It is
also possible that intensely activated argon could diffuse out of the grachite
but the maried dependence of the intensity observed on the delay between stopoing
the pile and the fans seems to indicate that the delayed neutrons probably cause
the effect, '

The air filter was recently checked for accurmlated activit; with & negative
result. The filter has now been reroved so that the maxioum effect can be obe
tained from any jaciket failure.

It may also be of "rnterest that about 29 cubic feet of the stack gas in the ion
chanber give only a minute reasiing on a Lauritsen electroscope 2t the outside
of the chamber, '

- - Dissolver off-gas
(W. R, Zanne, G. Branch)

Xenon activity has been detected in the semi-works dissolver off-gas with both a
stainless steel and & glass Geiger counter. The decay periods obtained with a
counting rate meter are unfortunately not reliable enouzh to determine the amount
of iondine in the off-gas, However, thers is a qualitative result that activity
in addition %o that due to Xenon comes off since metal thal had a cooling period
of ebout & month gas off gzas with a decay half life of more than five days, while
metal with a twelve day cooling period zave off gas with a decay half life of less
than five days,

Most of the esuipment to be used in Euilding; 204 for the monitoring of the 205 off
gas and the stack activity has been tested and is ready for installation pending
the completion of construction. '



